El Guemri R., Jaouadi W., Mechergui K., Alsubeie M., Naghmouchi S., El Ouellani S., Khouja M.L.: Morphological characteristics and variation of wood, cone and seed productions in the reforestation of Aleppo pine in Northeastern Tunisia using terrestrial and spatial index approaches. Ekológia (Bratislava), Vol. 38, No. 3, p. 273-291, 2019. For several decades, forest management policies have encouraged land cover changes, with the establishment of tree cover such as Aleppo pine in natural or degraded ecosystems for soil protection and the firewood production. In order to investigate the importance of Aleppo pine trees in the ecosystem, this study was conducted in the reforestation of the Aleppo pine of Northeastern Tunisia. The production of wood, cones and seeds of Aleppo pine in the 6 date reforestation in Northeastern Tunisia were surveyed using 6 plots (20 tree/plot) spread over 6 different location. Our hypothesis was to determine the characteristics that can be decisive in estimating the production of Aleppo pine in reforestation in Tunisia using terrestrial and spatial measurements including (i) age, (ii) dendrometric characteristics, (iii) silvicultural treatments, (iv) stationary data and/ or (v) remote sensing parameter (NDVI: Normalized Difference Vegetation Index). We found that the Aleppo pine in Northeastern Tunisia and at young age trees (14-35 years) were more productive than the regeneration or reforestation stand, either young or old, in Northwest of Tunisia. Wood, cone and seed productions were significantly different amongst the plots (p <0.05). The NDVI was positively correlated with the production of wood, cones and seeds. Stand age, exposure and longitude were also positively correlated with the production. However, longitude Vol. 38, No. 3, p. 273-291, 2019 DOI:10.2478/eko-2019 274 and altitude were negatively correlated with the production, showing a negative effect on the morphological traits of trees and, subsequently, their growth. The regression analysis indicates that NDVI and age were the most determinant factors of seed production. This research suggests that reforestation planning, particularly the choice of altitude and latitude, may result in improved tree morphology that may increase Aleppo pine wood seed and cone crops.
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Introduction
The Aleppo pine (Pinus halepensis Mill.) trees are one of the most important trees in Mediterranean forests, with the largest ecological amplitude (Nahal, 1962; Pardé, 1957; Quezel, 1986; Mezali, 2003) . The maximum development of this species is between 350 and 700 mm of annual precipitation (Quezel, 1980) . The Aleppo pine is a native species of the Mediterranean zone, extending from Morocco to Spain via Lebanon, Syria and Jordan to the east (Fady et al., 2003) . In Tunisia, the Aleppo pine occupies about 297,000 ha, around 56% of the total forest area (Sghaier, 2005) , ranging from the upper arid to the subhumid Mediterranean bioclimate (El Hamrouni, 1978) . It has great economic, ecological and social values in Tunisia (Khouja, 1997) . Around 1 million Tunisians (i.e. 10% of the country's population) live in forest areas and benefit from its resources (Gader, 1999) . The Aleppo pine forests play a crucial role in the reforestation of degraded environments and soil fixation, as well as the national economy and the human well-being (Ayari et al., 2012a) . The Aleppo pine trees have multiple and diversified uses such as the exploitation of wood, tannin and seeds (Ayari et al., 2011a) . The seeds of the Aleppo pine called 'zgougou' in Tunisia are considered amongst the main socio-economic non-timber forest products by the regional and local forestry services. In addition to their direct consumption by the population as pastry cream called in Tunisia ' Assida' , there are several products based on the seeds of Aleppo pine, which are available on the market including the yoghurt with the aroma of 'zgougou' , the aroma ice cream of 'zgougou' , vegetable oil and so on (El Guemri, 2018) . The cones of P. halepensis are also of great interest for decoration or extraction of seeds and their use in agrolimitation or extraction of essential oils and their medicinal and aromatic uses (Sghaier et al., 1997; Nasri et al., 2004; Khouja et al., 2006; Sghaier, Ammari, 2012; Ayari et al., 2010) . The forests of the Aleppo pine have always been a staple food for the local population of forest areas in the recent decades and for the entire population of Tunisia (Ayari et al., 2012b,c) . The annual exploited forest area ranges from 60,000 to 100,000 ha (DGF, 2010) . The annual production of Aleppo pine seeds varies between 300 and 320 tons. Kasserine governorate is the main region producing Aleppo pines, with a production of 100-120 tons/year (DGF, 2010) . To deal with the problems threatening the forests of the disappearing Aleppo pine and to increase their production of wood and seeds, it is necessary to adopt thoughtful management and planning techniques and policies to allow a better valorisation of the forest resources preserving their durability. The development of such techniques must imperatively be based on the knowledge of the potential for growth and production of the forest in relation to environmental conditions. Thus, the development of management and management models for the different stands of Aleppo pine forests is currently one of the top priorities of foresters and forest managers. In this vein, the objective of our study is to determine the production of Aleppo pine in wood, cones and seeds in the different age categories and to look for the effect of station factors on the productivity of the stands as well as to rely on remote sensing in estimating forest production through the NDVI spatial index.
Material and methods

Study area
The present work was carried out in plantations of the Aleppo pine forest stand located in ' Melloul' and in ' Dar Chichou' forests in the Kelibia region of Nabeul governorate in northeastern Tunisia (Fig. 1) . The forest of Melloul covers an area of 500 ha, of which 60 ha of Aleppo pine trees are planted. The plantation of the Aleppo pine in the forest of ' Dar Chichou' is in the order of 1,000 ha. The forest area under study has a Mediterranean type climate, belonging to the higher subhumid bioclimatic stage with warm winters. The annual average rainfall recorded in the area is around 500 mm. Rain in this area is characterised by a large irregularity on an annual scale. The average annual temperature in the study area varied from 17 to 18.5 °C. Autumn and winter are the driest seasons. January is the coldest month and August is the hottest month. The prevailing winds are from the northwestern sector; the mean wind speed is between 2.5 and 3.5 m/s, and the peaks can exceed 20 m/s.
Experimental field
We spotted 6 plantations of different ages of Aleppo pine in Melloul and Dar Chichou forests, and then we chose a representative sample of 20 trees in each plantation. Age, NDVI, geographic coordinates, elevation and plantation exposure were measured and presented in Table 1 . We performed all the dendrometric measurements on the sampled trees, that is, diameter at breast height (DBH; 1.3 m), total tree height, tree pruning height and crown diameter in both north-south and east-west directions. To calculate the volume of the wooden tree, we used the formula of Matziris (2000) . To estimate cone and seed productions, we performed a full harvest of all cones on the trees and we weighed the cones from each tree (i.e. measuring the height and width of the harvested cones). All measured cones are grouped into batches for each tree in craft paper packs. The packs bearing the numbers of the trees were placed in a heating oven set at 60 °C to trigger the opening of the cones. We recovered the seeds after opening the cones in the oven and for each tree we measured the weight of the seeds. Finally, we estimated the yields of cones and seeds per hectare.
Statistical analyses
Analysis of variance was calculated to determine associations between the measured traits using R package software (Oksanen et al., 2008) . Principal components analysis with barycenter projection was made using measured data with SPSS program (IBM, 2009) . Plot of circle correlation, principal components analysis and cluster analysis were conducted on the Euclidean distance matrix, and the different relationships amongst the parameters was made using measured data with the R program software. In order to find the main variation trends amongst the dendrometric parameters, the productive characteristics of the trees and the characteristics of the reforestation station and to evaluate their correlation, data were processed according to Pearson correlation coefficients with R package software. The histogram of the Pearson's correlation coefficients is presented within the colour key using R package software. The model equation models and Akaike information criterion (AIC) were used to study the relationship between the seed production and the NDVI, and the relationship between the seed production and the age of the Aleppo pine stand in reforestation has been realised by the past software (3.2).
Results
The characteristics of 6 reforested plots with 5 different dates, ranging in age from 14 to 60 years in our study are shown in Table 1 . The altitude of the sampled plots varied from 50 to 210 m. Six different exposures were chosen to evaluate the effect of the exposures on the dendrometric parameters and the production of the Aleppo pine. The NDVI spatial index was determined for each plot by the Envi remote sensing software. Twenty trees from each plot were measured and harvested to estimate cone and seed productions. Analysis of the variance (Table 2) showed that the dendrometric parameters significantly varied amongst the plots of different ages of reforestation (p < 0.001). Statistical analysis showed that the morphological measurements positively evolved with the age of the trees, but cone production was more important in young aged trees (an average production of 576 cones per tree was re- T a b l e 3. Analysis of variance and multiple comparison of means (Tukey test) of tree and site productive parameters in the reforested stand of the Aleppo pine (mean ± standard deviation). Notes: 0 ‚***' 0.001 ‚**' 0.01 ‚*' 0.05 ‚.' 0.1 ‚ ‚ 1. corded in plot 2, which is 17 years old; 405 cones per tree in plot 1, which is 14 years old; 304 cones in plot 3, which 21 years; 381 cones per tree in plot 4, which is 35 years old; 677 cones per tree in plot 5, which is 45 years old; and 900 cones per tree in plot 6, which is 60 years old). The production of cones was very important at the age of 60 years. The results showed that pruning on Aleppo pine trees varied significantly, depending on tree heights ( Table 2) . The length and average width of the cones also varied significantly between the plots, we found that at an age of 17, 21 and 35 years, the trees had similar cone lengths (from 5 to 6.2 cm). The analysis of the variance of the production of wood, cone and seed as well as the total production transformed into hectare were recorded in Table 3 ; this production varied significantly amongst plots of different ages. Wood production was low at early ages (14, 17, 21 and 35 years) but a little important at the age of 60 years. The production of cones at the age of 14 years (6.497 kg) was higher than that at the ages of 17, 21, 35 and 45 years. Seed production ranged from 97.070 g per tree at the age of 21 to 740.450 g per tree at the age of 60 years. We have had noticed that 17-year-old trees were more productive than 14-and 20-year-old trees. We converted the production to hectare and concluded that seed production was very important at the age of 60 years, but at a young age, 17-year-old trees had higher production than trees aged 14, 21 and 35 years. The correlation matrix (Fig. 2) of the different dendrometric, silvicultural, productive and spatial index (NDVI) parameters showed a strong positive correlation represented in blue and dark blue. The plot parameters, that is, longitude, exposure, NDVI and age were positively correlated with the different tree dendrometric parameters (between 0.2 and 0.9). Altitude and latitude were negatively correlated with dendrometric parameters and production of wood, cones and seeds. The results demonstrated that the production of Aleppo pine was influenced by the morphology of the tree. The principal component analy- Fig. 2 . Pearson's correlation coefficients of dendrometric characteristics, silvicultural operation, productive parameters and spatial index of trees and station variables (Alti, altitude; Lat, latitude; Long, longitude; Exp, exposure; Age, age; NDVI, normalized difference vegetation index; DBH, diameter at 1.3 m; Dcorw, diameter of tree crown; Heig, height of tree; NCt, number of cones per tree; SCrt, area of tree crown; STt, basal area of tree; SVt, stem volume of tree; ThHe, thinning height; lenC, length of cones; WidC, width of cones; WCtKg, cones weight per tree in kg; WStg, seed weight per tree in g). The histogram of the Pearson's (ρ) correlation coefficients is presented within the colour key. Fig. 3 . Principal components analysis with barycenter projection of reforestation of six Aleppo pine plot based on dendrometric characteristics, silvicultural operation, productive parameters and spatial index of trees and station variables using the SPSS software. Fig. 4 . Plot of correlation circle of reforestation of six Aleppo pine plot based on dendrometric characteristics, silvicultural operation, productive parameters and spatial index of trees and station variables using the R software (Alti, altitude; Lat, latitude; Long, longitude; Exp, exposure; Age, age; NDVI, normalised difference vegetation index; DBH, diameter at 1.3 m; Dcorw, diameter of tree crown; Heig, height of tree; NCt, number of cones per tree; SCrt, area of tree crown; STt, basal area of tree; SVt, stem volume of tree; ThHe, thinning height; lenC, length of cones; WidC, width of cones; WCtKg, weight of cones per tree in kg; WStg, weight of seeds per tree in g). sis with the projection of the barycentre (Fig. 3) showed that plots 1 and 2 clustered together; however, plots 3 and 4 formed two distinct groups and plots 5 and 6 showed common characteristics. Figure 4 showed that altitude and latitude were not correlated with dendrometric and productive parameters in our study. However, longitude, NDVI, exposure and age were positively correlated with tree morphology and plot production. Our results also showed that the choice of plot exposure and longitude is decisive for the growth and production of Aleppo pine trees. The main component analysis and the plot classification (Fig. 5) showed two main clusters: the first cluster was formed by plots 1, 2, 3 and 4 and the second cluster was formed by plots 4 and 5. Cluster 1 is formed of three sub-classes: the first sub-class is formed by plot 4, the second subclass is formed by plot 3 and the third subclass is formed by plots 1 and 2, indicating that at a young age, the Aleppo pine had great variability in production and morphological characteristics explained by exposure and longitude. The relationship between age and various dendrometric and productive parameters are illustrated in Figure 6 , showing that a 60-year-old adult Fig. 6 . Relationships between age and dendrometric characteristics, productive parameters of reforestation of six Aleppo pine plot (DBH, diameter at 1.3 m; Dcorw, diameter of tree crown; Heig, height of tree; NCt, number of cones per tree; SCrt, area of tree crown; STt, basal area of tree; SVt, stem volume of tree; lenC, length of cones; WidC, width of cones; WCtKg, weight of cones per tree in kg; WStg, weight of seeds per tree in g).
production is maximal whilst at an age of 14, 17, 21 and 35 years, the Aleppo pine demonstrated variable production and different morphology. The relationship between NDVI and different dendrometric and productive parameters is illustrated in Figure 7 and showed that NDVI significantly explained the seed yield. Table 4 illustrates the models used to study the relationship between seed yield as a function of the NDVI spatial index and seed production as a function of reforestation age of the Aleppo pine stand. The most powerful model for estimating seed production according to the INDVI is that of Michaelis-Menten with Akaike IC = 1.9737 E06. The most powerful model for estimating seed production by age is the quadratic model with Akaike IC = 1.9737 E06. Figure 8 showed the shape of the curves of the relationships amongst NDVI, age and tree seed production. The most powerful model had weak Akaike information criterion (AIC). Here, a quadratic model was used and demonstrated a more powerful model for seed production according to the NDVI (AIC = 1.9737 E06). Regarding the relationship between age and seed production, the MichaelisMenten model was the most powerful (AIC = 1.9737 E06). Fig. 7 . Relationships between spatial index (NDVI) and dendrometric characteristics, productive parameters of reforestation of six Aleppo pine plot (DBH, diameter at 1.3 m; Dcorw, diameter of tree crown; Heig, height of tree; NCt, number of cones per tree; SCrt, area of tree crown; STt, basal area of tree; SVt, stem volume of tree; lenC, length of cones; WidC, width of cones; WCtKg, weight of cones per tree in kg; WStg, weight of seeds per tree in g).
T a b l e 4. Models used to study the relationship between seed production and the NDVI/seed production and the age of the Aleppo pine stand in reforestation. 
Model
Discussion
Our study shows that the height and diameter of trees decrease significantly with latitude ; this result was confirmed by Ayari et al. (2011a) in Aleppo pine in dry areas of Tunisia and in pine populations in Spain (Moya et al., 2008a) and Israel (Goubitz et al., 2002) . Dendrometric features allow us to quantify pine yields of wood, cones and seeds, and these results corroborate with those of Moya et al. (2008b) who found that dendrometric measurements are an approach for estimating seed yield and wood production in the same way as for other pine species. We found that basal area is positively correlated with pine production in this sense. Ayari et al. (2011a Ayari et al. ( , 2012a , Mencuccini et al. (1995) and Arista and Talavera (1996) showed that basal area had a positive influence on seed and cone productions (Tunisia, Italy, Spain). Ayari et al. (2011c) showed that the seed and cone productions increased with an increase in tree height, DBH and age (Tunisia). Goubitz et al. (2004) , Moya et al. (2008b) and Verkaik and Espelta (2006) found that the level of cone serotiny decreased with an increase in tree height (Israel, Spain). Ayari et al. (2012a) , Girard et al. (2012) and Malcolm et al. (2001) showed that the seed and cone productions increased with an increase in tree crown height and tree crown diameter (Tunisia, France). Dendrometric measurements have been confirmed as easier and less costly estimators for Aleppo pine forests in the southern Mediterranean Basin, which have been described as more vigorous in growth and fruiting than the northern or eastern Mediterranean populations (Climent et al., 2008) . Our study shows that the length of cones varies between 50.3 and 62 mm. Matziris (1998) , Ayari et al. (2011a) , Harfouche et al. (2003) , Tapias et al. (2001) and Boulli et al. (2001) showed that the length of a cone was between 66 and 116 Harfouche et al. (2003) and Ayari et al. (2011a) concluded that the width of a cone was between 32 and 46 mm (Greece), 45.1-56.2 mm (Algeria), 30.5 mm (Tunisia) and 63.50-90.13 mm (Morocco). We found that the number of cones per tree varies between 304 at the age of 14 years and 900 cones at the age of 60 years. Matziris (1997) , Nathan et al. (1999) , Ayari et al. (2011c) and Jaouadi et al. (2019) found that a cone number per tree was 168 (at the age of 9 years; Espagne), 155 (at the age of 10 years; Greece), 242 (Israel) and 113 (Tunisia). Verkaik and Espelta (2006) showed the number of cones per tree in control plot was 6202 (10 years) and 27,175 (22 years) and in thinning plot was 475 (10 years) and 10,892 (18 years) (Spain). In a study on the Aleppo pine in northeastern Tunisia, Ayari et al. (2016) found that the number of cones produced by a tree was, on an average, 8-97 cones/tree; the weight of cones per tree was 198.5-2018.6 g; the weight of seeds per tree was 7.28-82.94 g. Our study has shown that the Aleppo pine is well suited to the reforestation site in northeastern Tunisia in this sense; Vennetier et al. (2008) proved that this species is well adapted to the different climatic zones studied; the same results were found in Tunisia , Algeria (Harfouche et al., 2003; Bentouati, Bariteau, 2005) and Morocco (Belghazi et al., 2000) . In our study, we found that the crown surface is positively correlated with the productive capacity of Aleppo pine; the results were confirmed by Reid et al. (2003) . Our results showed that silvicultural treatments (thinning) are positively correlated with the production of wood, cones and seeds; hence, the stand of Aleppo pine must have silvicultural interventions to increase their production in this way. The average number of mature cones per tree and their characteristics vary according to provenance, site quality, density, age and treatments (Tapias et al., 2001; Harfouche et al., 2003; Verkaik, Espelta, 2006; Moya et al., 2008b) . The size of cones is positively correlated with seed production in this sense; Thanos and Daskalakou (2000) showed that larger cones without obvious damage caused by diseases and insects usually contained more seeds because the canopy seed bank depends on the abundance of cones and the size of the tree. Our study shows that the geographical effect (altitude, longitude and latitude) and age have a significant effect on the productivity of Aleppo pine; in these senses, several authors confirmed our results and showed that the production of Aleppo pine in cones and seeds showed great variability depending on the effect of many factors, such as geographical variables (Harfouche et al., 2003; Nasri et al., 2004) , weather conditions (Messaoud et al., 2007) , tree measurements (Moya et al., 2008b) , site quality (Goubitz et al., 2002; Moya et al., 2008a) and genetic effects (Climent et al., 2008) . Verkaik and Espelta (2006) have recently shown a relationship between the frequency of Aleppo pines for massive cone and seed productions and the climatic gradient in Spain. The longitude has a beneficial effect on the production of wood, cones and seeds of the Aleppo pine. On the contrary, longitudinal changes, that is, from east to west, have had different effects on several species such as those in North Africa (Boulli et al., 2001; Harfouche et al., 2003; Nasri et al., 2004) . Harfouche et al. (2003) , Boulli et al. (2001) , and Nasri et al. (2004) showed a positive correlation between longitude and weight of 100 seeds (0.43, Algeria), weight of 1000 seeds (0.776, Morocco) and weight of 1000 seeds (0.71, Tunisia). Boulli et al. (2001) , and Nasri et al. (2004) showed a negative correlation between latitude and weight of 1000 seeds (−0.820, Morocco) and weight of 1000 seeds (−0.500, Tunisia). Longitudinal effects strongly influenced the cone and seed productions of Aleppo pine. In this sense, Ayari et al. (2011a) showed that eastward direction of Tunisia was negatively related to cone size and mass and was a critical explanatory factor in the multiple regression analysis. Nasri et al. (2004) found similar results in Aleppo pine forests in Tunisia. In other forest areas of Aleppo pines, Harfouche et al. (2003) reported an increase in mean individual seed mass related to a coastal gradient on the Mediterranean coast of North Africa, but this was due to the confounding effect of latitudinal effects. A negative elevation effect on cone size was found in this study, confirming the previous results obtained by Ayari et al. (2011b) in the forests of northeastern Tunisia, Boulli et al. (2001) in Aleppo pine forests in Morocco and Climent et al. (2008) in many Mediterranean countries, including Tunisia. In this study, the production of wood, cones and seeds were altitude sensitive; these results were confirmed by Ayari et al. (2011c) who showed that the predictive models obtained showed that the elevation had an effect on the size of the cone. We believe that altitude effects may be greater in the absence of longitudinal or latitudinal gradients. In this sense, Turner et al. (2007) showed that in cold regions, previous results showed negative effects on pine cone production on elevation, as cold is known to kill flowers, abort cones and prevent maturation of trees seeds in conifers (Messaoud et al., 2007) . The proximity of the coast has a negative effect on fruiting in the southern Mediterranean countries. This implies that an increase in the continental gradient has improved the production of cones and seeds of Aleppo pine (Harfouche et al., 2003) . Boulli et al. (2001) , and Nasri et al. (2004) showed a negative correlation between latitude and the weight of 1,000 seeds (0.820 in Morocco; 0.500, Tunisia). Unlike our results, Boulli et al. (2001) showed that the favourable influence of elevation on cone weight and size has been attributed to better moisture conditions and lower temperatures, leading to higher rates of photosynthesis and cones development. It is also important to note the implication of the geographical gradient, which could depend on the physiological implications of the zones, namely, a greater availability of nutrients, light and water with temperatures close to the optimum, are positively related to the quality and the amount of cones and seeds (Ayari et al., 2011a) . Similarly, in North Africa, as in other areas of the Mediterranean Basin, a relationship between cone/seed characteristics and the elevation gradient are positively related (Harfouche et al., 2003; Nasri et al., 2004) . Our research shows that altitude is negatively correlated with the production of Aleppo pine to sub-humid bioclimate; these results are not in agreement with Turner et al. (2007) who showed for a similar species, Pinus contorta, the positive effect of elevation on cone/seed production that was attributed to shorter drought periods associated with more abundant rainfall. Our study show that exposure north, north-east, north-west, south, south-east, south-west have a positive correlation with the production of wood, cones and seeds, which confirm the findings of Ayari et al. (2011b) , showing favourable cone harvesting and seed yield in forests on favourable aspects, such as north-east, south-east south and north-west This could be explained by the higher availability of light and temperatures during the pollination period, which seems to play a major role in promoting conifer breeding success in the same way as other species (Hylander, 2005) . Our results do not support the results of Schiller and Atzmon (2009) who concluded that higher egg abortions and lower pollen vigour and viability were found in the north, south, south-west and west aspects, favouring subsequent mortality from cone formation or leading to empty seeds (Schiller, Atzmon, 2009 ). Ferrio et al. (2003 concluded that favourable slopes (north-east, south-east, south and north-west) suggest better climatic conditions for plant growth in the Mediterranean climate (high temperatures and light exposure with moderate humidity), thus promoting the process serotinisation and promoting the development of Aleppo pines. Furthermore, Gracia et al. (2002) reported that stands of Aleppo pines grown in highly stressed Mediterranean areas (mainly drought periods in summer) depend on aspects that exaggerate it to the east and south, which could be more important in the expected climate change conditions. In our research, we showed that the subhumid bioclimatic zones resulted in greater cone harvest and seed yields, with a positive fruiting effect; these results are confirmed by Ayari et al. (2011a) who concluded that the subhumid zone showed higher average values characterising the amount of seeds and cones compared to other arid and semi-arid bioclimatic zones and longitudinal gradients were the most important geographical factor, resulting in net increase in cone size and seed content, mainly in the semi-arid zone. The effect of geographical distribution on fruiting was greater in drought conditions (Schiller, Atzmon, 2009 ). In addition, the slopes facing north-west, northwest, south and southeast were the preferred aspects of the stands for increasing the pine cone crop by taking into account the reforestation efforts in future. (Ayari et al., 2011c) . The NDVI spatial index had a strong positive correlation with the production of Aleppo pine seeds as the plots showing the higher NDVI were the most productive. Consequently, NDVI represents an important indicator that can explain the productivity of wood, cone and seed drills and estimate the forest productivity. The NDVI can also give information on the age of the stand and its productive state. The age of the stand was strongly correlated with seed production. Our results have also shown that age is a good indicator to estimate the production of the Aleppo pine forests in the sub-humid bioclimate of Tunisia and plan for oriented strategies towards seed production in the first place in the forests of northern Tunisia. The mathematical models used to analyse the relationship between seed production/NDVI and seed/age production showed that the most powerful and successful model for estimating seed production/NDVI is that of Michaelis-Menten. However, the quadratic model is the most powerful to estimate the seed production/age. The results obtained should be of great value to Mediterranean foresters in choosing appropriate locations for future Aleppo pine plantations to maximise seed production. This research provides forest ecosystem managers with a simple means of recognising the best production sites for the Aleppo pine forest, thereby increasing the profitability of stands. This could help satisfy the growing consumption of Aleppo pine seeds, especially in Tunisia. The knowledge of the need for on-going security stability of forest ecosystems, and thus the existential basis of forestry, indicates the need for in-depth research and monitoring increment of forest trees as a complex reaction trees on stimulating and disruptive action of exogenous and endogenous factors (Šikanja, 2017) .
Conclusion
The present work investigated the production of wood, cones and seeds of Aleppo pine trees in reforestation in northeastern Tunisia in relation to the characteristics of plantations and plots. We found as a first result a high variability amongst the six reforestation plots for sev-eral tree-specific dendrometric parameters. Our results showed that the quantity of Aleppo pine seeds harvested per hectare in the northeast is four times greater than that harvested in the northwest. In conclusion, the reforestation of Aleppo pine trees must be directed towards seed production in the Northeast of Tunisia and oriented towards wood production in the northwest. It is important to emphasise that the Aleppo pine forests constitute a forest heritage for Tunisian people and represents a natural resource because it plays major environmental, social, economic and cultural roles, especially with the considerable increase in the human consumption of the seeds of the Aleppo pines.
